SlJBSTiTlJTE SPECIFICATION: CLEA^i VERSION 

RESONATOR AND COM! ONf N' W'TTh IFRVl Ik . V v.a>\ 
TEGHNIC A C FIELD 

IB'\R -ev nato.j 3sdaconfOiCitlia%«ghcmiehcc va suIatiOB <ind u-jbUh ^>i.< one or 
a plumlity «f sijch resonators, 

BACKGROUND 

Resonators are suitable for ase in baijdpass fillers hi modem filler iec-kiology micl 
itmy, for ^xssnpkv be used in mobile commmiicstion devices. 



A resonator working with bulk acaustic waves has a pi ezoeleclric layer £ 
between two metal layers (eiecimdes). The layers are seqaemially deposited on a 
subMrate asid stmctxired in ssuch d mfjflner that there arises a piwaliiy of r<ssoBatQr% which 
are electrically cosiilectf^ by their cottespondingiy structured eleclmles md may together 
reaike a filter eircaii, for exaippie. 



To store; the acoustic energy oFfe bulk acoustic wave wi&m the resoaator and/or 
to k<jep aci>ustie energy In dje substrate upon wliich the resonator is arranged from 
escaping, either an acoustic minxjr is an-anged nnderaeath the resonator <:>r m air gap is 



u mpn ed atei uils ha^ mg high and Uns jt ous^tic snpcd^ '^ve x "iv j alt, a arui 
I ijckac s <<t those L \i.rv ait so c1iost,n thai, lor the selected icsOiiii-«* thu 

njita a! at Jus. tscquci cy Under tJiei-e conditions*, the theoretita! tacd c o i^k xiru jr 
ct i siiic iS e i lejfeiCi^ce ot the acoustji, ■v^ avos reO€vle<i o i tie boursaan Ci& i& 
rprn V n 5 c \ cptimi/ed ai d thui, prevt its the c-^cape ot aeousbc energy fiom th*, 
resonator. 

All sir gap also sen'ss tlie smne purpose, becaiise the large imjpedaiee jump 
between ihe top (or bottanii) layer of the rsj^nator and the sir is saflident reflect the 
sjeoyslic wave silnTOSt coi-npletely. 

A rcssonator vvoTking witli balk acoobtic wa'ves or a component that ^.'xhibnjv such 
jcsondtctr? 5<* just <i35 lisjiisltivo as d surface acoustic wave (SAW) conifonent to :i^a<>s load 
< ^ J i < ' ^ r i' s« sv^.- i» ipojjv " 

!iaied-ni, u?'- example, arc tlius aomialiy used for such FBAR res<Tat() s d c« mpo^icnts 
Such housirgs. wh'eh include ceramics oi metal, for exoirpk, have i^io paruv co:T?pn'»oe 
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to. ■^\<m^:-'iC. -\ , rui-ign ana a lul oi d earner sm a cap, ihc two pa^b sro 
giucd, weMct!, or .soldered together aiter the compos ent ha? been inserted. 



^sl k^' 5 obi Rstkn ^ ; ) 

5 u dw-ann»-> xw n 1*5 njw n jitat u ' iUo 1 1 wo i ^ » c is >,\ * ^ n <^ 

.Tumm m dimaMam, wall th vkne hc^ to exaiBpL tliis, i a in U ^ U ber 
itquaa. K'" toc^iolog^cal and economav rcat>oti» II li, thereto t propos>«d it I n (x)^^"^^^ 

"Uisi ^ su . ha\n ^ a i cgativc c*^ca on the acoa'.tic p oix >. t *L(. k v> i t >r aa 
18 d^•>a^h^. rro is, piovidca oetwcen ihe m%o lator aiia the ical I S 58''24y ' aj v> 
v-^escnijcs a i>c8i, Vftiiih i-^ dcpo ited v •> er fic u rapoacut ai o a Lipnsts j .o js o le 
p< jvation Ic)^- coi ipi.sed of SiOz, m epoxv rc-^i i or a dessifed ^loh- i p co ipo«5nio i 
ill 7 --r M s ti t' ^ isms^r v'a 

IS 

SUMMARY 

This patent application describes an acoissiic miiTor, which co;nprise!s a dielectnc 
mv. mut \ 1 Lt. c ti i n i\ bat <.vci u ^ 4. tl <v 

t'<^<.^iv J-a ^a.p{e-.uits iHrmclKvjiCdl for tic resonator i-'-s^ Hors n sur-;, 
5.0 c n i s- ^ r -^oBv it Ui, tic d .ivtr tiiat tomis tlu rd 1 ^ ^ m^. i an^i ^ r 

T?a\ \ c k vt,t At^VL* si Si, ding ir an adx mi igsx^us i p iu \ s| tu! dH 
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S DESTITUTE SFECIFICaTIO_N: CLEAN VERSMIN 

amstmctet! a:coustiG.i«iiTOr ;alr«»dy -achieves -a. soil in the resonator without adclitsonai 
encapsttiatmg layers over the aco^istk- jiurror. 

coriiftructcd md less expeosive. 

An advantagams acoustic mirror effect is achieved Vvlien the layer thicknesses &f 
the dielectne layer ami metal layer axe so diasoj as a ftmction of the mal«risl used that 
thMr tliicbiesscorrespoMs to^i^^ of the wafeleogth {or to as odd 

miiltiple of a quarter wavelength) of the bvdk acotistic wave timt can bepropagated ip the 
correspanding maieriai. 

Moreover, the reflcctsor of th^ acououc muK^: i'v ,>:->vi.ioJ b> a dstT:'5oncc m iIa 
acoustic impedance of tiie iwo mmor layers, ihi& differcsnco bdag as large a.'j possible. In 
an embodimetJi iris thereibre proposed that an orgaiiic layer, & !ow-k dielectric in 

conjpoijenis .i*, kr.o\>R as diojcol^^i. and aic iu's-e propv>i-ei: :l>! ^ne ilrs^ rK\^ a 
fmictKmal a^isiitucnt part for componcrits working with balk act)ystic wa\'es, 1 ncse loss- 
k dielectrics .^re chi^ractcrizcd b> an cxtrsordinai^ily low acoustic impedance ajid usualU 



SUBSIITI'TK SPECIFICATION: CLEAN VKRSiON 

aisp have exfraorclkarily good insulaiiag and sealing propc-t-es. making tbcin appropriate 
tor the sealing minw-layer, 

X-^'-on^'t J \^nvj ar <5J<as?tic muroj fhyt cxhib-tv ^vs.^ iih\ Mo r\" ^ ;o.c s 
S idiciain^ Li\o di.il mcul -aycr) of h>^^ uxid high aooiwtic unpocajit.0 :cojv.!;%ci> li't'V 

cacapsulation k also required to have high physical jstrcngth, liicn ii is props.}sed in a 
turthcr development that at least one otiit;r Layer or another pair of la>ers bs ^o arranged 
o\ o; 'lie acoustic ni:rror Cid\ tbotc res; Jts an attcu at-ig ^cquercc of la>ers v^r^'olauvch 
iou acoustic impcdaiico -md layer;, of relatively higii acoussiic 5 upedancc. Siince a 

10 sirfUcicntl) high aconstic impcdanee ean already he ohuuned with the iir^i t\>> o laver?, 
naincly the dielectric layer and ihe metal layer, both the selection of the material ajid the 
procss;.' Ia\'cr U>icktK\vs ar<. less critical fortl^e acoustic imrror hycts to he aixangcd 
ircreon (ha- ir. ts ^^f isj ,r -^r {no '.-.y-r Oiu-: n:atorKi « p:.;*\c!.;:.i:-:\ Us.-? tos^lx 
nii-jienaiN. v,r.iv'h v\!.^uia jjo sulanic or an^iutablo foj ac«;a,sucr-nTT-^r use':' 

15 amiprisi% a dielectric layer and metal k> cr, therefore also come into consideration for 
the addiiioiial single laysrs or layer pairs to be deposited tberam. 

A single rosoaalor n^ay be used. Since usual applicatioxJS of resonators workis^g 
mthlmlk aeoqstic waves are usfually fdter ciremts, a ciremi cotHpfising a plnraiity of 
ao interconpeetsd T^sonators may also he eaeapsiilated. Smh a ciroiit arrangement Is 

nortnaily straa^red out of a common layer structure comprising ai least a first electrode, a 
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V. V t i ail J a second cicvtrode \ 1 1 abii. ii^t,.^^ i. ^ s 

«.<-iTxatOi<j •w.iiiL.h mdv cpic^cnt <i ladder-{>pc urk.mt i>r d 'ait n \» o\« iplc, s 

acLcvul b appropn,re smictuiing ^teps oJ the ckctrodo kvtt^ a.Kt pc -^it > < '^o x . i.o 

aH>. > ! i ao HT-t\pv st<*uc\ut. 5* i<.dSi. hxo '•wnun Js «, r vvu^j o< 1 a\t X <cr 
ehect I be «;tnictui c mav be suppiemcnted uh additiojial ^-es.unator'v to rxc^ oa^o be 
•»e'ovt vu> oi the n ter Ibo reboaators., which ai;. s^riKtiucd mm th^. co'Til o^x >cr 
SvTi Uure ana intei.c liicc Sui icge*bcr r-^ mt h\ \h co\ eiod v it'i d ostv, J i 

possiDiy other dectri-^dllvcoMuct nul ^s.j'-^ iit|X}sitcd thcicon tnesc la^.v-N'^.ax h<„ 
dectrfculiy sepsjaCesI on ilis b¥t$is of theresoBators, 

The Jayer ^tiTiCture is nrodt-ced througl^ tbe tbin-tlUri process b\- depfX'^iihig tl^c 
single layers sequciitiail)- top of each oiher on a wafer, po-ssib!y o rraijging ;.ia acoustic 
mirror or oti^er fu-mdwcmg and growth-iadiicing kyers therebetween. Such a wafer may 
comprise of conventional substrate materials, especialiy silieon, gallium arsenide, glass, 
ceraiBiCS csr ^njy other sub^uancej suitable as cfirricr •iiaicrial l>uc to fne small sizt-^ of 
resonators or of componeBts produced from a pluraliSy of rc\soriiUor.s, possible to 
produce from one layer structee a large nuitiber of components sinTuitaaeousIy md in 
psi-ailel on one wafer. It is then also possible to deposit the dielectj-ie md metal layer 
total-surface over all components produced on one wafer. It is moreover possible and 



advsiitdgcoxss to arra additjcmal a^nso o p^^^sn^ *.u<.uu -„'u^ o t, < -o. utl:" asul 
mlCxCOimot tnuxi i tcgr< led wjch the reii<matois> Such acnvc .s-Ki v. . ^-^n ^ vifciut elcnjeiits 
. ia> ah^* be .i) jtuailv coveted with fee s,e< 1, compriMiig im, viseica »c ayci and the n^etsl 
layer. 

After the last layer iias been deposited md possibly sti-ucted, ihQ components are 
separated across? tlie entire Jaye'- structure, mdudmg the substi-ate, b> a sa^^ing procc^? xm 
o\a " V . - \ ^a mtai,c i ^ '-vv, ^s^y ^^-^ <}\i^. c . .t. 

:ra.\.dua. c>mr5i5ne;Us. becaase it 3? excIi^Mvely ulc di<;.lcct;50 'a^a^ Lio, pu^i sac:^ ; 
scahng action. Hie metal laver serves exdusivdy a laves of Irgh acoustic rkpcuaiicc 
*br ihe acousdc minor and, v^ith a suitable dcctricol conncaios, may sci-ve a* m\ 
elecilromagBeiio sMddiiig layer, 

av anvl pissive urcoil cLmen*^s m addition to the icsonator^ tspe^-^a^h nruos un 
dSMUss n iiKc^s jndii>-uincv co'K tap aonors, tian&i&tor^ doJ^s, as*. ^-ts&Mis W tn*lt. 

aid of the resonators and the additiona; circail elements, it is possible to produce circiiits 
^ ^ t i<,> iix oi uiil { t ^1 t I a d V tv.^ 

i u s <,.o ^ u 1 filter losxpas^ iiii^r baiidi^ss ul v *u ir^ tcr Danclstof 

Itci xwt xiv-ii Hf prcain|> it t,r I NA diplexcr dujk^cr voanUr ducamii 
coupler, memoi-}^ ete>etrt, baluii, mixers or oseiilator. Mo acoustic mirror is MM 
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r.eededib tlu *>thcrcHcuit and naiching duBun{<^JrjT Ktx." ;o>^ >. . vX^ -^^^ 
(k*p4>s5*ed nn thi siix-facc sen'es as a sealing layer a tl^c nieijl Usxr ^^>i\i;^ as 
o'yctro^iiugutitsc shielding for the circuit dements 

capabthtv o' hmng deposited in a th'a-^llm piowss, including control ot fae Ia>e' 
*'«cKness aci*uabie and ad^Mtageous is a k>\s djekctnc Cv, nsstaj^U 'c^vi a^er 
penueab ht>, %%x water absorption and m particular, Io\k acoustic impcda.ice 

AF iboNC propertici. are ad vantage oas a scaiu'ca s a .*x^n, ticNclobj^ast.- 
Boi>/ocyclobutone<> are known feom the scmiconduetoi induj.ti}, under ihe BatTje 
Oycioten^ example, and arc used m particulai as ntmncduic la>crh. dsek-cmc^ ano 
^vraliLji l^-^i^.t- .ric'ocks.'! ^! l'-^i 1-^ ^ o '"^'v v.\<o '.-so o\ 

J:»\ect:x co.^^ttuH and i iC gooi. p?<.>pcmcs, c^-f cvta. x . w ■jii, i<,\i.. riv ^^v" ics'^ 
that csn be attasiied witli a bcnzocyclobutens, 

.V i . iOponcs L ndci t K actiOx^ Ls.ai, 1 xi h ^ -1 

^•<e vov^cK^? Jtcfic<* ma\ be depositea xtb high iavci th'ckjit.^'v ^ccara<_\ so iLii 5t i"- 

pc mcu £ r \ j»\\v "O produce « djckctnt, Uver that 5s lat iKHj-^uatLr ih?^ piccisch )^ 



n I i' spic mcAiKm clean \ kr^^jon 

i)o.ssible for a con^pouciu. The effect of the cbistic pjupertic^s <u"thc dk:kv^!r^o n;.5- slc^! 
ih&t it iS possible to partiail> or completely compensate for layer sJresv!, liich can hmld 
up on the boiaidai-y surfaces to layers lying below or to layers deposited ihereabox c due to 
vhc JuVorent aicsn^al om.^'T. '-u^- .^f-ho vis DscLvtrsc^ ha.soo Lnkai 

b'.uhiO polynKT'i a5C usee j.^ .^iress eoinpeuijation \<i}cr& for niCjnutWiuring uviCgrattjd opuc 
c^iniponems m ths semiconductor induslr>^ for example. Besides benxocyciobutene.s. 
other low-k dielectrics that feature a low acoustic impcdasco and may be used for the 
diolccific layer and the hy^ivs of relative low acoustje impcdaucre m-a knos\-.. Example:* of 
U>\\~k dielcctnca isxc aerogels, i ortnss silicates, organosilicstes. a sii*.>\aiit: den\ td lion? 
condensed .-^iiscsquioxaiics, a polyaromaUc compound or cross-linked |X5lypiienylcne, 

If these materials are used for tiie dieleetric layer, th&n ii is also possible ia 
accordance ^.vith a; i^hcj on^boJ<:rci« to ilxm planar^ze the <hc!ccK-;0 l;ncT .^'x^vc ibe 
resonators and addstjon.ii ckcuU elements that nia\ do preseuf. In -ii5^^ pr.-cjNji, an 
embedded surface is obtained for tlic dielectric layer, vvhicli, however, n^cans that 
dlilerent layer thicknesses will be obtained on Hie dielectric layer above the siijgle 
resoTKttors, a^\^N'o :bc xv.uer, or above otbe: c ■ -.^'i . '.c^; -j: ; ho component may be 
planaHzed -n .such a nianner that the layer di5ckoc-;s oi the dickctric layer remaining 
above the resvjnators a>rrcspoi ds lo a A,-quaner layer (or an odd multiple of the X-quarter 
ia\er). A pLmia ized stirface of the dielectrie layer has the further advaritago that it 
substantially facilitates the ftntlier deposit of additional layers and in paiticuhu: improves 
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adhesion a^d .saves material. With a pl;mar k\ef dq>ositc<d ^>^ oj a |}iu.5.i]it\ v^f :i..V)-\uors 
and poscsibly additioiial circuit elements, there also results ti phxsically loadable ^u^-tljce 
Qpon which it is possible to deposit additioKa! strucmres, such as aaother «ietaiiis:jtjon 

dcpoost cfbuinf.s thai snake u pt».SNjble to co3icci ihc conspoiKfu to ix pnnwc circuit 
Ijoard, a modale substrate or an external citcmt cmimnmmt in Mp-diip teclmiqm 

Hmbodisieiits mil be expiaisied in more detail below based on the fsgures 
assoeiated therewife 

DESQllFriOM OF THE DRAWINGS 
Figure I shows a resonator that hj^ an acoastie itilrror asid has been deposited tm a 

substrate, 

< ^ ! ' a Kso I, u (. vpo>-^ ted ^'■i i.r ^af 
l-jgure 5 shows an enespsulation tor a resonator, 
Figisre 4 shows a resotiator %i.th a glo£> top seal. 

"ij.- sbo\\s t^vo resonators With one pLuari/ed dKltct-it la>e 

F <>u c *5 sshovife *lie fittt arr* kgu:;^ent ha\ujga coAtxnu>u& SoVom ^^-Oastic 

mirror. 



SiiBS 1 1 II rC ¥CmC \ nO\: CLK \S \ kR>SiO% 

Figluc slsox^N ,.\ component \isi\u\g imodjcr ^a^oi vt<i'x iis>n o ;ho sV 
Mgiire 1 0 shows a component w'ihin which obc fbnhcf circun citiipeiu 
integratei;!. 

i'iguro 1 1 shows the sirnulaicti lorv, ;ird behavior of a diiplexcf constriKted of 
?m"!nat«r,s having a mutual encapsulation, 

OETAILED DESCRIPTIDN 

\\ ^ Kb ■'vt V.0 A *h.A '^i m isti ucture Ci. an a' u v ^^Jbst i v, S*. ^ " u mjw 
5 5' i ^j.-* ^\5dcvKhtecUvabo\cthci>ub<»tjate po^vH> ibo>v icJaput^H >« Iv 
fivoibttt muixix vompnsos di icasi two mdybc three iavcr», -vvhich tire m<jre ^sia^^ / -qi ant 
altcn>atel> lax irg High and lou impedance I he aatsal '•s^ssoralo^ vonnnsta a i.v 
ki p V <^i.\ v . %e} FS and a second ckctrcdc !a\<,r Irb2, iS 

Figure 2 shows m alternative method of maaufactiiring aa FBAR resonator 
-\ ".ho.a an ou.s n mnux '.r Vns case, the layci -tji.ttasc .> v.. .>x^s ^ i o.vM occ . ••-cr 
LSI, a psc oi^loctijo ia^t,'^ PS bnd a second electrode laver i S?. Oiice ino >ayef Blascturc 
fciiS bee?^ made, the subiJtrate is tbmned m the \icimts of the resonator, herein either 
a tiua nieu'braiic M remamij, ^ir whtreln the subsiti-ate is removed eonipktdy dnd ih<^ 
botiiL^ni dect^Oviv la>er TSI is exposed in the vicintt) of die resonator. 



I jguiv bhov^s, m a -.chcmaac cross section a kno\v"i noU oi. a ^.x. \ 

encif sui xting as I B \R le^son^'tor Heic tiie consent'on.. Ih i>udt I «\ v Na«^»v \ 

5 s i ^ ^ laj. I n ni itu xt, f^c xd^c" . vi ^ & -^v. t i 

acj^kniag o iK a^-ou-^t c vibration uui occui The a>% <.r \P * be g,.u>.c oj v> vL-cd k 
the substrate Sil or feteasd thereto m otiier ways. 

Figm-c 4 shows, in schematic cross section, aiK>ther meth<.>d for sealing <iii FBAR 
i 0 resonaior kxumn from US 6087 198 B, which has already be^jn nientiojictl An acoustic 
mirror 48 comprising at least three layers is afranged above tb^ cot^vetUional layer 
sinicture 41 . The single resonator is next covered -mth a glob-top paste, such as an epoxy 
resin ^vbicb is applied in liquid form and then cured. Tkc gIob~top cover of this single 
resotiator i.s iutcndod to protect it iroin environmental expi)iiure, 

15 

1 1|„ <re ^ ^ho^^\ on the bah.}S oi a sv-hcnutit, ^.ross sectu n, j.Mrts >t a vcmi v^reni 

L^ti stiu^ snovv covered with a dieicctncla\crDis \i oseth(.\ jlss i, Hcs,^nct<-M 
20 irP''**^^ " > ^5 toartsi t<>5" " ^ odd midtiple thcrs^ii) oi the vi, a\ t, oagth o* 1 ic avfjusiic 



the component and ^-nay be constructed of an org<wc low-k dielee-t^^^ 

vvds'vkngtJi ^o? odd niuitipic thereof) in the tvoikhig itcqiscKs,) of Lic iCiOiMio. 
arxaiiged tlicrct)!). The metal is specially selected &om tiie \ie\v|?oiRt of muximui?^ 
acoustic )mpcfdance. The metals Eungstcn, molybdenum or goU are thus sppropriatc tor 
the meld hy&r. 

Figure 6 sliovis, on theba^sis of a scbemaiic cross section, cfnnpot^eni onmprisng 
a plurality of resonators. The ftgiirc depicts two resonators Rl, R2 struclure<1 from one 
layer structurtj and Oixaiiged on a subi?trate SU, A dieleclric luyer of tliickiiess D1 , which 

liic didc-ctnc layer niuy be deposited coofonnal and thcrciorc foilow? tLc i{>r>-lt>g> dk- 
resonators R I and 112. This does not require tliat the dielectric layer DS have Ihc same 
layer thieteess Dl everywhere, only tliat the thickness be maintained oyer the resonators. 

\ -iv. * ,<i\i, N*-^ n m<^\t <i{ '^as' o^ CI ihe icsoiiaio I kn-\^ ^ < ,< <^ K .w^-- 
D2 t'l n (.Ox.v-sponJs to one-qasxttr of the wavelength of thv cs< >natoi ^w^klv.^ fj jqueiivv 
iv aiv^^* v» o" tl^c total surface of tliv dielectric la> Ci DS it in »-kvr'\ ev jdeut ho.ii the 
'Vu 1 1 1 V. vlwcctriv u^ er. xshiCi may temiixidtt., outbtdc the re^or ito^ o'l 'he 
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. V. \ 

*ig itpc^"* to ea^tfe with hig^ irok'vukr volumci. ^rd to hqiiids * la' aic ufxa no *!> pet et aie 

v\|.H IV Icuclal ia t-rpiuitv.. ts^t Root^^ i i Oi.^ pr;; s^i^t ' ai^a 

alvo docs rov <. f^-cct tt> acot &tic p op«tit?s. i his* opcufe the ^ o<5 J>.H} o* fan m 
ad{ii*iOiit . a%«rs, s^ucti res* DCldlii/atiua p'aiiei* o bvjldiicd sou a!>ox c tliC nic i lave 

•5 oautos s > J Ov\xt (.onimunn^aiioas, espvciailv m tiie recepl vjr u it 

V V ess'Oil V oi^.ns; ifcqucnc)' of tiie rosox-jator correapotids *hc U \cr 

- Ia\ei Ji'ckrcss Dl oi appioximatcK 200 mn. which coiic^poni.^ ti a iiuart^Ji ol nic 

'A dongib 1 hi \ a^ue & well below the layer tliicRnes^ diat csm. be acciualcK u^n*fi Icu 

lavcM^^ i^L ewhs^Luu hnkn^^s js het^tvu 6V> and < ' i «o * ' i^n ^ li 
s.\ciir ■<k\ ^ iiiiV tl at Ci>t> i ' evii&t be tec^ ic^ill> u'>^>^Tolie<3 d p'^eu'^tb !>et It 
.ligbci or t M b cskc-- are dci>ircd lor the diclect jt, Ia> er ^ d or ^ct<. la <• or \fS *0i 
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air-tighmess), than it is possible to resort to odd multiples of one-qiiaiter oi the 
wavelength for the respective layer thicknesses. Instead of 200 m-n of BCB 
(con-esponding to approximately one h^nibda-qimrter iayer at a fra|aency of 2 Glis;), 600 
nsrs of BC'B (approxin-Kiiciy a ?/. '4 ]iiyi:v at a frequency of 2 GHz) may bo d-^poi^ifai. The 
tcclmological adv;u-5tag<.'s v^chicvcd by this measure (e,g., belter covering of the edges 
througli increased confomiity) may be precisely weighed against potential disadvantages 
in acoustic perfoimaBce (possibility of hi^er insertion loss from increased viscous losses 
in tibl<$:er layers): 

The layer cotiibination of a low-k dieleclric imd a higii-ii?ipedaT\ce fnetal layer first 
proposed has the further advantage that two layers are sufficimt to reflect & Mgh 
percentage (more than 95%) of tlie acoustic energy cm the boisndar>' sisrfaces of these two 
layers back into the resoviator. The min'or obtains a high hanreAidUi fain^ the srnaH 
number of ori^y two mirror layers. This means that the lrequeT?cy componenus iy5j)g 
within the minor bandwidtlt can be xeilected imifomily well . To be more precise, this 
meaiis that the layer combination BCBAV, for example, as acoustic reflector for 
frequencies around 2 GHz, is ecjually well suited for all sac:h rc-sonatars whose ireiiueucies 
do aot deviaie nK>re than approximately ±7% itonn a given frequency, even wb«n the 
thicknesses of the mirror layers do not exacdy agree %¥ith tlie tbcoretical ideal value Ui 
for the corresponding acoustic wavelengths Alterrjatively, a thickiiess tolerance of •i.-7% 
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may be tsken into consitlcration hi this manner for ihc sasnc Irequcncios vv iiisoiu 
iinpenuissibly reducing the reflectivity of the layer pair, 

unpaUuw i}f*ti^ Iov% k divlcclrm \%hit,h is approxi nateh oukr <u ^itude kn^t 
*Lan oTiA>h\Qn tntiror lasers havmgi(n\ impcdanvi, cs.pev aa\ tl*4.i K>: StO 

^ 5 ' > I'-ci >l ^5 0!hJ? ^\ ±] u Its ^v'^t wki cs^- ' iv>.^atii.M N 

10 pi eusKni ot ] 4 rm This eaij> to '-aamum, because n poss'^ c p Bk B r 
a i\er tlucjcTivss acvurai> of-<^ 5% accoichiig to tH hWa o* t^^e art ^t V hi^ncr L%tf 
rhicki CSS avcurauts can bt att^med roi doposiimg the mtt«l as \*S Pi,! lorun u 
-s c ^v^ i t. X t 1 knv.^ ^ c !a "v k <, Uk ^ v. •> 
1 )hn iii^tu Tsa- iiav id\5sab V. lor c »-'ia*x Lx <. $ o 

15 i^reav, a nhy*;i«^aii> ^ohd and bOlde^abie siiriacCj ioi cxanp k j * > v,? s 

t>i{v.kt lu-^ t iic jr aal 1a> er bccdust a Ur^k^ ptJrtion ot the atoufc^c w al tad i. u ^ r ? » 

> ^ in S5a-»at.e feo n resonato'- R oi trom U c 1a^e'■ >.truct ^v. v the aitis^mc 
la^^er DS. 

SO Since ©nly a small portion of the acoustic ejiergy is tlias able to paie^fats the iiietal 

layer MS at all, it is tmich less critical to prevent reflection bssed on a kycr thickness D2 



sv^mmrm .sfecO'Icaiioa-; clean VKiisio.?^ 




iliai is ivicxacdy sci to X -quarter, .so that a 50% layer thickness; accuracy lor uk^ moiai hya: 
MS is sufficiejU, for example. This is maybe impoftaiU, because layer thickness 
tolerances isay usually oiUy be mainUuned ^ percentages, wbeteas th& nhmlutQ tolerance 
or deviation piwaxls Ibr m acoustic mitrdr, 

Figam 7 shows, in schatiatic cross secdpii, aiioti^er embodiment. It too proseats a 
component, which comprises a plurality of resonators RL R2 at^d is produced as layer 
structure o;: a jubsti ate SU, Is contrast to the embodiment illustrated in Figure 6, here the 
diiiccu-jc ia>c; r>S i;^ likewise deposited on tJ-ic total surface, but ?bot^ pk5n;)n/ed. The 
dieiectfie iaxcr ti-sus has. dilTerent layer ihickncjiscs, because die opeu spaces between ibe 
resonators lU, R2 me likewise filled wth the material of the dielectric layer DS, For tm 
appropriate material dimensioning and suitable or controlled pK^cess, it is alsss possible m 
^e ! \ iot e ji- » ^ aSvc ! to ' " <^ ^u^cUtx 

layer above ihe wsinvdtors III, R2. This facilitates tiic dcpusii, ol'^idditional buyers, 
especially the metal layer MS, over such a plai>an?.ed dielectric laser D.S. One statidard 
method of planari^sing dideetiic layers such as BCBis chemical mechanical polishing 
i i i ' ! ilu: ;<urtbcc. bkro it is possible to set the requirai mirror layer tjbickness v.'ithoiU 
signilicantly hiCressing the roughness of the dielectric. Only .sub-mn roughnesses arise. 

Figure E shows another emfeodiment in which one single acoustic mirror AS may 
i?ei5sed for a seties of resonates Rl, R2. In a common filter circuit, .such as a Iaddef4>pe 
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CMcur d djsti ^aion made foi cxjmple boiu^.vi icso moi^ >.::^cu sons - t ^ 
ic^o.jalofs .--di ged r paiailcl brax^chcs, besmes, the it mg aiTXigen^er. *he c-o« i a 
disdrci t>{i a!w> c\:snng m the fact that a dilUrcnt resoisimce itcquono so. I 'oshIcs. <^ 

pnmdeci h^^waa ' the jjub^^trate aiid the resonators I lei c too, two mmoi a>us i lUxis, c *c 
attain broaobandednc&s for a layer combination compn in$ Icw-k dielcctitc at-sd r 'gn- 
T\H\ai^orv . a^c" ifvlo'* to ensure higl-^^oEcoMOJ oxOi^.o r^:;^'^'' , ' on * 
bi aauboiidun-'!. s5 ul the aooustic mirror is a,'ed to TiaU i w wn^c - t.*'ec^ v k> . . i,or>lo \\ 
10 the mlierent Irequejictes oi parallel mid serial resonators. 

IngLftj 9 shovv6, schematic cross cction. Oiiotlier <^5. bod^ ret^; n ■vvkch the 

i .jpL. .vv. -v^.iv \Ku-iaab g|-'-ir>pcua»icw, avc 111 a u>tcrt-^i-'ti^ ^ui c dat 
15 Mncc the con ha ation didectnc la>er / i ctal layer alread> poss^e^^ses adequavC cOectio*^ 
%3 the actmsjc \vav«. m the range of the rcsonai^ce treqacncy, ihe aa^u^tic in p eda. cc m 
i.icaJcLo. f \. so \ u-u-^> )^-)]\> . I i.*ue\c* a leaver o^lowcr 
^'■jipedv vc 3>\"v -^0 0 catcd a .tct \ aot>ve tiie mvMj la>or 

2C> Figure 10 shows, m sdiemati-c eross section, a coH^pOiient that h^ beea expanded 

fey ai^ additional circuit elemsiit SE md which is likewise compictely encapsidated with 
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U\i.u u ccmponu t such a a nnttgrint.d v. cat K I a ii o tit^ t Uvfu 
b>b ns di'-o ie d passn*^ componu t <-«t,h * v an adutt \ e, i <'t o r s ^ la ^ 

i r 5 1 t V 4 Wet ' 1- ic 

J \ h t on u J jptu 1. J u t { ■> ip V ' i^v, 03 itkc 

J c <.io c iiso produi^e \ihii dry \.i tuts b i\i g the ic onato s R2 

In ouil^.'dnneni, a duplcxcr circuit whidi n sm&h\o for the mobdc fadtu 
.sUuidard UMr>s. is produced. Both RX and TX filtens arc consinictud troni TBAR 
resonators, whidi may he fotiaed trom the same layer structure S A hy structm-ing. The 
different zesonaacc frequesicies that are aeoda! are set by additional kyof deposit, by 
additional ;?eparating !-\>er? b> .sttuctxucd cuitHsg oi':i Isycr ■ ^ tho twr.iirco sayo" 
ihicknc;5i5. Hie dklccinc layer is depo.-^itcd u\er al: .serial ajid par.uid re<;on.Uors a^ a X- 
quajler mirror layer having a thickness of 220 nm. llie acoustic impedatics of BCB is 
equal to 1.7x10*" kg/sm~. A tungsten !a/cr vvith a thickness of approximate? >■ 6S0 nm is 
>x^!^^'s aN . \t;h~.rup«lauco layer or as a metal layer, its inmcJ. .! jc> ihr s ^'4'<. 
Ig ^5r'- Bcoauc^c of ihc knv sensiti-vity of tiie rencction on ^he 'z\ci tbjckr.o^s of inc i«c?;;t 
layer, the same results arc obtained with a lay<;^ thickncsis o: up 1 un\. 
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A commi>n acou&tic mirror m.^} be proxidcJ to5 all ic\vu.r-^i\ 
ojubs>dira«n{, 'i is possible in a suitable siraauring step, which already occars \%heu the 
layers arc dcposslai, io separate the etectricany conducting mirror Uym 5hc biisi? of 

dc<-csnc -r. , on|>Ui.c<3 of nieUi tmd loailed below the rcsesuiors, ju Oioa l^j pre%'or.i 
capacitive coaplitig between individual mamtprs. 

Figure i I shows the stalated forward behavior (coKtributions of the copiplax 
tran$missioi5 fbsietions SCAb^ Ex) and S(Ant, Tji) ofthe coKipiiJji 3■f0rtdaplesej■ 
se8U^^ring matrix) of a di^lexer bmit iii this maniiier from FBAR r^osaiofs with a mutual 
eMapsiiladrm. I| can be s<?ca tliat tiie stmctia^ well satisBss the typical reciidrem^^^^^^ 
pMc^kloivtbe&waM behavior of a UMTS duplisxsj-, for both Rx andipr Tx filters. 

The dectncrii iufcrconnoction of the resonators, s\hich may he ijUa-nod tliroiigli 
appropriate structiiring of tbs declrodc layer El , H2 (see, for exampk, Figt^res I snd 2) in 
amespondetice with a desired intercomiectjon, such as a laddei-type circuit, is not 
ili'JciU'uxcd 3."; t^iiujcs TKt,' clocir-^ie liS may also r-fruc-urcc ^5:ds ipans-c- 

tuut ckvtA-ic.il ?v;rnU5ui pau.s can r>o pi\>diiv;ed on the surface of the .^ubslrutc SI olissco tlse 
region stressed by the resonators. These terminal pads tiiay thcsi be made accessible eitbtsr 
iVoin above or below. From above, tliis requires the removal of the dielectxic layer and 
n^etal layer and possibly other layers deposited tlicreon. It is also possible to provide a 



-20- 



142 1 9-078USI/ P2002,069SUSN 

wjtij ^ vCJ csuaiveiijat;^ndl, tor example 1 or comauuig ^iCJ^ esow xc^,* >, s.uk^> t x\ 
be p' o\ utU HI ihi, suo tratc From ixoQ\ ^% it js ai«;o posM^jc; k ^oni Lxp ^vt in d 
s s ■> s X !J 1 \ I ^ li i n ^wb w X. t K t 

S OS \ i! y ^ Js BUal i/ilion - Hi. luc Mil i v ^o. \i \ 

ths. ma ix 1a\ er arrangal aoox c the nieUi la\ er MS I he dho\ <.riCKiHov^^ t <.ctr v J 
^omivcnojis h^econnvCtioisthroaghbtvmiing^wresormrcUwaavUiOr^-v if f .t> vhip 

s\t I i, ^\ -tu |>«iJs Of w til turnuwi p^ds j^at atv p»v\ d^^j di v«t vV vi e "M'xitv m ruc 
10 Slid distant Jmm tlie dielecmc iaver DS md metal layor Mss. 

u Hi vUtiC of t-iaitv, onl3 a tow c\emplar> embodi xtcnK ha\e e><x i pjt-seatosi 
b? i ^ t s ^ !. to Icpjt^uskt t.x<miples ana ■rs's be I'^U «^ <^h 

15 ^ongcmcn- o^" resonator^ no\{ *o or abo\e each otliei into SCI filers o? Ck^ n ttrs 

1 d o^aat'iitiM al uscu t ckmcnb SL which ma> possibh aI>>o &v ''j«>'vi<-lei ai >%«. tre 
metal layer MS. The realizdljle-circail^.'tp-'bq- m<sappiait<^. aws also not limited to the 
descri bed ex mnples. 
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